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(54) Optical amplifier and optical communication system having the optical amplifier 



(57) The present invention relates to an optical 
amplifier and an optical communication system applied 
to WDM (wavelength division multiplexing). The optical 
amplifier includes an optical amplifying medium to 
which WDM signal light obtained by wavelength division 
multiplexing a plurality of optical signals having different 
wavelengths is supplied, a pumping unit for pumping the 
optical amplifying medium such that the medium gives a 
gain to the WDM signal light, a feedback loop for con- 
trolling the pumping unit so that the gain is maintained 
constant, and an optical attenuator for giving a variable 
attenuation to the WDM signal light. Through the struc- 
ture of the present invention, it becomes possible to pro- 
vide an optical amplifier which can maintain constant 
the optical output level per channel of WDM and can 
maintain the gain characteristic constant. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] The present invention relates generally to 
wavelength division multiplexing (WDM) using a plural- 
ity of optical signals having different wavelengths, and 
more particularly to an optical amplifier applied to WDM io 
and an optical communication system including the opti- 
cal amplifier 

Description of the Relate Art 

15 

[0002] In recent years, a manufacturing technique and 
using technique for a low-loss (e.g.. 0.2 dB/km) optical 
fiber have been established, and an optical transmis- 
sion system using the optical fiber as a transmission line 
has been put to practical use. Further, to compensate 20 
for losses in the optical fiber and thereby allow long-haul 
transmission, an optical amplifier for amplifying signal 
light has been put to practical use. 
[0003] An optical amplifier known in the art includes 
an optical amplifying medium to which signal light to be 25 
amplified is supplied and means for pumping (exciting) 
the optical amplifying medium so that the optical ampli- 
fying medium provides a gain band including the wave- 
length of the signal light. For example, an erbium doped 
fiber amplifier (EDFA) includes an erbium doped fiber 30 
(EDF) as the optical amplifying medium and a pumping 
source for supplying pump light having a predetermined 
wavelength to the EDF By preliminarily setting the 
wavelength of the pump light within a 0.98 (im band or a 
1 .48 |im band, a gain band including a wavelength of 35 
1 .55 |um can be obtained. Further, another type optical 
amplifier having a semiconductor chip as the optical 
amplifying medium is also known. In this case, the 
pumping is performed by Injecting an electric current 
into the semiconductor chip. 40 
[0004] As a technique for increasing a transmission 
capacity by a single optical fiber, wavelength division 
multiplexing (WDM) is known. In a system adopting 
WDM, a plurality of optical carriers having different 
wavelengths are used. The plural optical carriers are 45 
individually modulated to thereby obtain a plurality of 
optical signals, which are wavelength division multi- 
plexed by an optical multiplexer to obtain WDM signal 
tight, which is output to an optical fiber transmission tine. 
On the receiving side, the WPM signal light received is so 
separated into individual optical signals by an optical 
demultiplexer, and transmitted data is reproduced 
according to each optical signal. Accordingly, by apply- 
ing WDM, the transmission capacity in a single optical 
fiber can be increased according to the number of WDM ss 
channels. 

[0005] Accordingly, by combining an optical amplifier 
and WDM, the span and capacity of an optical transmis- 
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sion system can be increased. 

[0006] In the case of incorporating an optical amplifier 
into a system adopting WDM. a transmission distance is 
limited by a gain characteristic (wavelength depend- 
ence of gain) which is represented by a gain deviation or 
gain tilt. For example, in an EDFA. a gain deviation is 
produced at wavelengths in the vicinity of 1.55 ^m. 
When a plurality of EDFAs are cascaded to cause accu- 
mulation of gain deviations, an optical SNR (signal-to- 
noise ratio) in a channel included in a band giving a 
small gain is degraded. 

[0007] Automatic gain control (AGC) is effective in 
maintaining the gain characteristic of an optical ampli- 
fier constant. In an EDFA. for example, an optical input 
level and an optical output level are monitored, and the 
power of pump light is controlled so that the ratio or dif- 
ference between the optical input level and the optical 
output level is maintained constant. By presetting a tar- 
get value of the pump light power to a suitable value, a 
flat gain characteristic is maintained. 
[0008] However, in the case of performing AGC only, 
the optical output level in each channel of the WDM sig- 
nal light is not always maintained constant. For exam- 
ple, if the optical output level in a certain channel 
exceeds a tolerable range, transmission characteristics 
in this channel are degraded by the influence of nonlin- 
ear effects occurring in an optical fiber transmission 
line. The influence of nonlinear effects is remarkable 
especially in the case of high-speed transmission at 
rates over 1 0 Gb/s. 

SUMMARY OF THE INVENTION 

[0009] It is therefore an object of the present invention 
to provide an optical amplifier which can maintain con- 
stant the optical output level in each channel of WDM 
signal light and can maintain the gain characteristic con- 
stant. 

[0010] It is another object of the present invention to 
provide a novel optical communication system including 
such an optical amplifier. 

[0011] Other objects of the present invention will 
become apparent from the following description. 
[0012] According to one aspect of the present inven- 
tion, there is provided an optical amplifier comprising an 
optical amplifying medium to which WDM (wavelength 
division multiplexed) signal light obtained by wavelength 
division multiplexing a plurality of optical signals having 
different wavelengths is supplied; means for pumping 
the optical amplifying medium so that the optical ampli- 
fying medium gives a gain to the WDM signal light; 
means for controlling the pumping means according to 
an input level and an output level of the optical amplify- 
ing medium so that the gain is maintained constant; and 
an optical attenuator operatively connected to the opti- 
cal amplifying medium for giving a variable attenuation 
to the WDM signal light. 

[0013] With this configuration, gain control is per- 
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formed according to the input level and the output level 
of the optical amplifying medium so that the gain is 
maintained constant, thereby maintaining the gain char- 
acteristic constant. Further, since the optical attenuator 
for giving a variable attenuation to the WDM signal light 5 
is adopted, the optical output level in each channel of 
the WDM signal tight can be maintained by manual or 
automatic adjustment of the attenuation of the optical 
attenuator. 

[0014] In accordance with another aspect of the 
present invention, there is provided an optical communi- 
cation system comprising an optical fiber transmission 
line for propagating WDM signal light, and at least one 
optical amplifier provided in the optical fiber transmis- 
sion line. This optical amplifier has the configuration of 
the optical amplifier according to the present invention. 
[0015] In this specification, the wording that an ele- 
ment and another element are operatively connected 
includes the case that these elements are directly con- 
nected, and also includes the case that these elements 
are so provided as to be related with each other to such 
an extent that an electrical signal or an optical signal 
can be mutually transferred between these elements. 
[0016] The above ard other objects, features and 
advantages of the present invention and the manner of 
realizing them will become more apparent, and the 
invention itself will best be understood from a study of 
the following description and appended claims with ref- 
erence to the attached drawings showing some pre- 
ferred embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

FIG. 1 is a block diagram showing a preferred 
embodiment of the optical communication system 
according to the present invention; 
FIG. 2 is a graph showing an example of gain char- 
acteristics of an EDFA (erbium doped fiber ampli- 
fier); 

FIGS, 3A to 3D are graphs showing a change in 
spectrum due to an increase in number of channels 
in ALC (automatic output level control); 
FIGS. 4A to 4D are graphs showing a change in 
spectrum due to a decrease in optical input level in 
ALC; 

FIGS. 5A to 5D are graphs showing a change in 
spectrum due to an increase in number of channels 
in AGC (automatic gain control); 
FIGS. 6A to 6D are graphs showing a change in 
spectrum due to a decrease in optical input level in 
AGC; 

FIG. 7 is a block diagram showing a first preferred 
embodiment of the optical amplifier according to the 
present invention; 

FIGS. 8A and 8B are diagrams for illustrating the 
accumulation of errors in output level in the case of 
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performing AGC only in a prior art in-line amplifier 
system; 

FIGS. 9A and 9B are diagrams for illustrating an 
effect of the optical amplifier according to the 
present invention; 

FIG. 10 is a block diagram showing a second pre- 
ferred embodiment of the optical amplifier accord- 
ing to the present invention; 
FIG. 1 1 is a block diagram showing a third preferred 
embodiment of the optical amplifier according to the 
present invention; 

FIG. 12 is a block diagram showing a fourth pre- 
ferred embodiment of the optical amplifier accord- 
ing to the present invention; 
FIG. 1 3 is a block diagram showing a fifth preferred 
embodiment of the optical amplifier according to the 
present invention; 

FIG. 14 is a block diagram showing a sixth preferred 
embodiment of the optical amplifier according to the 
present invention; and 

FIG. 15 is a block diagram showing a seventh pre- 
ferred embodiment of the optical amplifier accord- 
ing to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0018] Some preferred embodiments of the present 
invention will now be described in detail with reference 
to the attached drawings. 

[0019] FIG. 1 is a block diagram showing a preferred 
embodiment of the optical communication system 
according to the present invention. This system 
includes a first terminal station (apparatus) 2 for trans- 
mission, a second terminal station (apparatus) 4 for 
reception, and an optical fiber transmission line 6 for 
connecting the terminals 2 and 4. The first terminal sta- 
tion 2 includes a plurality of optical transmitters (TX) 8 
(#1 to #N) for outputting a plurality of optical signals hav- 
ing different wavelengths, and an optical multiplexer 10 
for wavelength division multiplexing these optical sig- 
nals to obtain WDM signal light. The WDM signal light is 
supplied to the optical fiber transmission line 6. A plural- 
ity of optical repeaters 12 are provided in the optical 
fiber transmission line 6. Each optical repeater 12 
includes an in-line optical amplifier 14 for amplifying the 
WDM signal light. The second terminal station 4 
includes an optical demultiplexer 16 for separating the 
WDM signal light supplied from the optical fiber trans- 
mission line 6 according to wavelengths to obtain a plu- 
rality of optical signals in individual channels, and a 
plurality of optical receivers (RX) 18 (#1 to #N) for 
receiving these optical signals, respectively 
[0020] With this configuration shown in FIG. 1 , a trans- 
mission capacity can be increased according to the 
number of channels because wavelength division multi- 
plexing (WDM) is applied. Further, the span of the opti- 
cal fiber transmission line 6 can be increased with a 
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simple configuration because each optical repeater 12 
includes the in-line optical ampiifier 14. 
[0021] FIG. 2 is a graph showing an example of gain 
characteristics of an erbium doped fiber amplifier 
(EDFA) usable as each optical amplifier 14 shown in 
FIG. 1 . In FIG. 2. the vertical axis represents gain (dB), 
and the horizontal axis represents wavelength (nm). In 
an EDFA. the flatness of its gain characteristic is 
reduced with an increase in pump light power or excita- 
tion rate (pumping rate). Reference numeral 20 denotes 
the gain characteristics in normal operations, showing 
relatively good flatness. Reference numeral 22 denotes 
the gain characteristics when the pump light power is 
increased, showing a difference in optical output level 
between at a wavelength near 1530 nm and at a wave- 
length falling within a band of 1540 to 1560 nm. thus 
producing a gain deviation. Accordingly, in the case of 
amplifying WDM signal light by an EDFA, maintaining 
the gain characteristics as shown by reference numeral 
20 with good flatness is effective in reducing the influ- 
ence due to accumulation of level differences. 
[0022] FIGS. 3A to 3D are graphs showing a change 
in spectrum due to a decrease in number of channels in 
the case of performing automatic output level control 
(ALC) only in an EDFA. For example, ALC can be car- 
ried out by detecting an optical output level of the EDFA 
and controlling pump light power so that a detected 
value of the optical output level becomes constant. 
When four channels of WDM signal light having a con- 
stant input level is input to the EDFA as shown in FIG. 
3A and one channel of optical signal is cut off to result 
in a decrease in number of channels as shown in FIG. 
3B, an output spectrum corresponding to the input 
spectrum as shown in FIG, 3C changes as shown in 
FIG. 3D, That is, when the number of channels 
decreases, the power of pump light is increased so that 
the total output level is maintained constant by ALC, so 
that the gain characteristic is changed. As a result, the 
output levels in individual channels become different, 
and the flatness of the gain characteristic is also not 
maintained. 

[0023] FIGS. 4A to 4D are graphs showing a change 
in spectrum due to a decrease in optical input level in 
the case of performing ALC only in an EDFA. When four 
channels of WDM signal light having a constant input 
level is input to the EDFA as shown in FIG. 4A and the 
input level is generally decreased as shown in FIG. 48, 
an output spectrum corresponding to the input spec- 
trum as shown in FIG. 4C changes as shown in FIG. 4D. 
That is. when the input level is generally decreased, the 
power of pump light is increased so that the total output 
level is maintained constant by ALC, so that the gain 
characteristic is changed. As a result, the output levels 
in individual channels become different, and the flat- 
ness of the gain characteristic is not also maintained. 
[0024] The flatness of the gain characteristic in an 
EDFA can be maintained by automatic gain control 
(AGC), for example. By AGC, the power of pump light is 
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controlled so that a ratio or difference between input 
level and output level of an EDFA becomes constant. 
[0025] FIGS. 5A to 5D are graphs showing a change 
in spectrum due to a decrease in number of channels in 

5 the case of performing AGC in an EDFA. When four 
channels of WDM signal light having a constant input 
level are input to the EDFA as shown in FIG. 5A and one 
channel of optical signal is cut off to result in a decrease 
in number of channels as shown in FIG. SB, an output 

w spectrum corresponding to the input spectrum as 
shown in FIG. 5C changes as shown in FIG. 5D. That is, 
although the spectrum of the cut-off channel of optical 
signal disappears, the other channels do not almost 
change. In this manner, even when the number of chan- 

75 nels changes, an optical output level per channel can be 
maintained constant, and the flatness of the gain char- 
acteristic is also maintained by AGC. 
[0026] FIGS. 6A to 6D are graphs showing a change 
in spectrum due to a decrease in optical input level in 

20 the case of performing AGC in an EDFA. When four 
channels of WDM signal light having a constant input 
level are input to the EDFA as shown in FIG. 6A and the 
input level is generally decreased as shown in FIG. 6B. 
an output spectrum corresponding to the input spec- 

25 trum as shown in FIG. 6C changes as shown in FIG. 6D. 
In this manner, the flatness of the gain characteristic is 
substantially maintained because a pumping condition 
does not almost change in a tolerable range in the case 
that the input level is generally changed. However, the 

30 optical output level generally changes by a change in 
the input level. As a result, in the in-line amplifier system 
as shown in FIG. 1. variations in transmission line loss 
directly appear as variations in output level. If such var- 
iations in output level are accumulated, transmission 

35 characteristics in a certain channel having a high output 
level, for example, are degraded by the influence of non- 
linear effects as mentioned above. 
[0027] Some preferred embodiments of the optical 
amplifier according to the present invention usable as 

40 each optical amplifier 14 shown in FIG. 1 will now be 
described. 

[0028] FIG. 7 is a block diagram showing a first pre- 
ferred embodiment of the optical amplifier according to 
the present invention. A variable optical attenuator 28 

45 and an optical amplifying unit 30 are provided in this 
order in terms of a propagation direction of WDM signal 
light between an input port 24 and an output port 26. 
The variable optical attenuator 28 gives a variable atten- 
uation to the WDM signal light supplied to the input port 

50 24 and supplies the attenuated WDM signal light to the 
optical amplifying unit 30. The WDM signal light sup- 
plied to the optical amplifying unit 30 is supplied through 
an optical coupler 32 and a WDM coupler 34 in this 
order to an erbium doped fiber (EDF) 36 from its first 

55 end 36A. A part of the WDM signal light is extracted by 
the optical coupler 32 to monitor an input level. The 
extracted light from the optical coupler 32 is converted 
into an electrical signal by a photodetector (PD) 38 such 
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as a photodiode. Pump light output from a laser diode 
(LD) 40 as a pumping source is supplied through the 
WDM coupler 34 to the EDF 36 from its first end 36A. 
[0029} In the case that the WDM signal light to be 
amplified by the use of the EDF 36 has a wavelength 
band of 1.55 ^m(e.g-. 1.50 ^im to 1.60 pm). the pump 
light suitably has a wavelength band of 0.98 ^m (e.g., 
0.97 pm to 0.99 ^m) or a wavelength band of 1.48 |.im 
(e.g.. 1.47 jimto 1.49 ^m). 

[0030] When the pump light and the WDM signal light 
are supplied to the EDF 36, the WDM signal light is 
amplified in accordance with the principle of stimulated 
emission, and the amplified WDM signal light is output 
from a second end 36B of the EDF 36. The amplified 
WDM signal light output from the second end 36B of the 
EDF 36 is passed through an optical coupler 42 and 
output from the output port 26. A part of the amplified 
WDM signal light is extracted by the optical coupler 42 
to monitor an output level. The extracted light from the 
optical coupler 42 is converted into an electrical signal 
by a photodetector 44, The electrical signals output 
from the photodetectors 38 and 44 are supplied to an 
AGC (automatic gain control) circuit 46. The AGC circuit 
46 controls a drive current to be supplied from a drive 
circuit 48 to the laser diode 40 according to the input 
level and the output level of the EDF 36 (or the optical 
amplifying unit 30). thereby controlling the power of the 
pump light so that the gain or gain characteristic of the 
EDF 36 is maintained constant. 

[0031] Thus, the optical amplifier according to the 
present invention is characterized in that the optical 
amplifying unit performing AGC and the variable optical 
attenuator providing a variable attenuation are com- 
bined. 

[0032] The accumulation of errors in output level in the 
case of performing AGC only in a prior art in-line ampli- 
fier system as shown in FIG. 8 A will now be described 
with reference to the level diagram shown in FIG. 8B. As 
shown in FIG. 8A. the in-line amplifier system includes 
an E/O converter (optical transmitter), postamplifier 
having a gain Gq, optical fiber transmission line having 
a loss Lo, first in-line amplifier having a gain G-i, optical 
fiber transmission line having a loss L^. second in-line 
amplifier having a gain G2, optical fiber transmission 
line having a toss L2. third in-line amplifier having a gain 
G3. optical fiber transmission line having a loss L3, 
preamplifier having a gain G4. and O/E converter (opti- 
cal receiver) provided in this order in terms of a trans- 
mission direction. In the level diagram shown in FIG. 88, 
Pout represents a target value of the output level of each 
amplifier, and Pjn represents a target value of the input 
level of each amplifier. Since the gains Gi. G2, and G3 
of the in-line amplifiers are generally set equal to each 
other at a fixed value, variations in the loss between the 
optical fiber transmission lines become errors in the out- 
put level, and there is a possibility that the errors may be 
accumulated to result in an excess output level highly 
beyond the target value in a certain channel or alt chan- 



nels as shown by reference numeral 50. 
[0033] The advantage obtained by the use of the opti- 
cal amplifier according to the present invention over the 
configuration shown in FIGS. 8A and 8B will now be 

5 described with reference to FIGS. 9 A and 9B. As shown 
in FIG. 9A. each in-line amplifier is provided by the opti- 
cal amplifier according to the present invention. More 
specifically, the variable optical attenuators incorpo- 
rated in the first, second, and third in-line amplifiers pro- 

10 vide losses Lai, La2. and Lgs, respectively. The losses 
Ui- L-ag. and La3 provided by the variable optical atten- 
uators incorporated in the in-line amplifiers are set so as 
to eliminate variations (differences) in loss among the 
optical fiber transmission lines in the in-line amplifier 

15 system. With this configuration, the accumulation of 
errors in output level can be prevented, and a total opti- 
cal output level or an optical output level per channel in 
each in-line amplifier can be maintained constant as 
shown in FIG. 9B. 

20 [0034] Thus, according to the first preferred embodi- \ 
^ment of the optical amplifier shown in FIG. 7, the optical, 
'output level in each channel of the WDM signal light can 
be maintained constant by the use of the variable optical 
attenuator 28, Furthermore, the gain characteristic can 

25 be maint^ained constant by AGC performed in the optical 
amplifyirig^nit 30. In particular, by setting a target value 
of controlled power of the pump light to be output from 
the laser diode 40 so that the wavelength characteristic 
of gain becomes flat, a gain deviation between channels 

30 can be eliminated, "thereby allowing improvement^ in 
transmission characteristics in each channel. 
[0035] In the first preferred embodiment shown In FIG. 
7, the variable optical attenuator 28 is provided 
upstream of the p'pticail amplifying unit 30, so that the 

35 attenuation of the variable optical attenuator 28 can be 
adjusted irrespective of the operational condition of the 
optical amplifying unit 30. Accordingly, the first preferred 
embodiment has an advantage such that automatic 
control of gain as will be hereinafter described can be 

40 easily performed. Further, the first preferred embodi- 
ment has another advantage such that a burden on 
pumjD light power to obtain a given optical output level 
can be reduced, because the amplified WDM signal 
light is not substantially ^attenuated downstream of^the 

45 ^ optical amplifying unit 30. ^ 
[0036] FIG. 10 is a block diagram showing a second 
preferred embodiment of the optical amplifier according 
to the present invention. In contrast with the first pre- 
ferred embodiment shown in FIG. 7, the second pre- 

50 ferred embodiment differs therefrom in that the variable 
optical attenuator 28 and the optical amplifying unit 30 
are connected in reverse order. That is, WDM signal 
light supplied to the input port 24 is first amplified under 
AGC in the optical amplifying unit 30. and the amplified 

55 WDM signal light is next attenuated by the variable opti- 
cal attenuator 28 to be output from the output port 26. 
Also in this preferred embodiment, the optical amplify- 
ing unit 30 and the variable optical attenuator 28 are 
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combined, so that the optical output level in each chan- 
nel of the WDM signal light can be nnaintained constant, 
and the gain characteristic can be maintained constant. 
In particular, according to this preferred embodiment, 
substantially no loss is applied to the WDM signal light 
on the upstream side of the optical amplifying unit 30, so 
that a degradation in SNR (signal-to-noise ratio) as a 
whole is small. 

[0037] FIG. 11 is a block diagram showing a third pre- 
ferred embodiment of the optical amplifier according to 
the present invention. A first optical amplifying unit 30 
(#1). a variable optical attenuator 28. and a second opti- 
cal amplifying unit 30 (#2) are provided in this order in 
terms of a propagation direction of WDM signal light 
between an input port 24 and an output port 26. Each of 
the optical amplifying units 30 (#1 and #2) has a config- 
uration similar to that of the optical amplifying unit 30 in 
the first preferred embodiment shown in FIG, 7. That is. 
AGC is performed in each of the optical amplifying units 
30 (#1 and #2). 

[0038] Also by the combination of the two optical 
amplifying units 30 (#1 and #2) each performing AGC 
and the variable optical attenuator 28. the optical output 
level in each channel of the WDM signal light can be 
maintained constant, and the gain characteristic can be 
maintained constant. 

[0039] The third preferred embodiment shown in FIG. 
11 is slightly more complex than the first preferred 
embodiment shown in FIG. 7 or the second preferred 
embodiment shown in FIG. 10. because the two optical 
amplifying units 30 (#1 and #2) are necessary However, 
the third preferred embodiment has an advantage such 
that a degradation in SNR due to an increase in inser- 
tion loss of the attenuator 28 is small and a burden on 
each pump light power Is also small. 
[0040] In each of the first to third preferred embodi- 
ments of the optical amplifier, the attenuation to be 
given to the WDM signal light by the variable optical 
attenuator 28 may be manually adjusted to achieve one 
or more of the objects of the present invention. In con- 
trast therewith, some preferred embodiments for allow- 
ing automatic control of the attenuation will now be 
described. 

[0041] FIG. 12 is a block diagram showing a fourth 
preferred embodiment of the optical amplifier according 
to the present invention. In contrast with the first pre- 
ferred embodiment shown in FIG. 7, the fourth preferred 
embodiment is characterized in that a feedback loop for 
controlling the attenuation of the variable optical attenu- 
ator 28 is additionally provided to maintain constant the 
input level or the output level in each channel of the 
WDM signal light in the optical amplifying unit 30. More 
specifically the feedback loop includes a monitor circuit 
52 for detecting at least one of the input level and the 
output level of the optical amplifying unit 30 (or the EDF 
36) and the number of channels of the WDM signal light 
as internal information in the optical amplifying unit 30, 
and a control circuit 54 for controlling the attenuation of 



the variable optical attenuator 28 according to detected 
values output from the monitor circuit 52. The detection 
of at least one of the input level and the output level may 
be made according to at least one of the output signals 

5 from the photodetectors 38 and 44 shown in FIG. 7. 
[0042] According to the fourth preferred embodiment 
shown in FIG. 12, the attenuation of the variable optical 
attenuator 28 is controlled by the feedback loop. 
Accordingly, by presetting a target value of the output 

10 level in each channel of the WDM signal light, the output 
level in each channel can be automatically made to 
coincide with the target value. 

[0043] FIG. 13 is a block diagram showing a fifth pre- 
ferred embodiment of the optical amplifier according to 

15 the present invention. In this preferred embodiment, the 
first terminal station 2 shown in FIG. 1 includes means 
for outputting a supervisory signal including data on the 
number of channels of the WDM signal light. For exam- 
ple, one of the optical transmitters 8 (#1 to #N) outputs 

20 an optical signal as the supervisory signal. In contrast 
with the fourth preferred embodiment shown in FIG. 12 
wherein the number of channels of the WDM signal light 
is internally detected, the fifth preferred embodiment 
shown in FIG. 13 is characterized in that the number of 

25 channels is detected according to the supervisory sig- 
nal. To this end, a supervising circuit 56 for receiving the 
supervisory signal is adopted. 

[0044] An optical coupler 58 is provided between the 
input port 24 and the variable optical attenuator 28 to 

30 extract a part of the WDM signal light. The extracted 
light from the optical coupler 58 is passed through an 
optical bandpass filter 60 and converted into an electri- 
cal signal by a photodetector 62. The filter 60 passes an 
optical signal for the supervisory signal. The electrical 

35 signal from the photodetector 62 is supplied to the 
supervising circuit 56. The supervising circuit 56 detects 
the number of channels of the WDM signal light accord- 
ing to the supervisory signal received, and supplies a 
detected value of the number of channels to a control 

40 circuit 54' for the variable optical attenuator 28. Further, 
the supervising circuit 56 updates the supervisory sig- 
nal received and supplies an resultant updated supervi- 
sory signal to a laser diode 57. The updated 
supervisory signal is converted into an optical signal by 

45 the laser diode 57. This optical signal is added to the 
WDM signal by an optical coupler 59 provided between 
the optical amplifying unit 30 and the output port 26. 
One of the optical input level and the optical output level 
of the optical amplifying unit 30 (or the EDF 36) is 

50 detected as internal information in the optical amplifying 
unit 30 by a monitor circuit 55. and a detected value out- 
put from the monitor circuit 55 is supplied to the control 
circuit 54'. The control circuit 54' controls the attenua- 
tion of the variable optical attenuator 28 according to the 

55 detected value supplied. 

[0045] Also according to this preferred embodiment, 
the output level in each channel of the WDM signal light 
can be automatically controlled to become constant like 
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the fourth preferred embodiment shown in FIG. 12. 
[0046] While the fourth preferred embodiment and the 
fifth preferred embodiment have been described in con- 
trast with the first preferred embodiment shown in FIG. 
7, each of the fourth preferred embodiment and the fifth 
preferred embodiment may be combined with the sec- 
ond preferred embodiment or the third preferred embod- 
iment to perform the automatic control. 
[0047] FIG. 14 is a block diagram showing a sixth pre- 
ferred embodiment of the optical amplifier according to 
the present invention. In this preferred embodiment, 
ALC (automatic output level control) is performed 
according to the total optical input level or the total opti- 
cal output level of the optical amplifying unit 30. This will 
now be described more specifically 
[0048] A part of the WDM signal light is extracted by 
an optical coupler 58, and next supplied to a spectrum 
analyzer 64. A monitor circuit 66 detects the number of 
channels of the WDM signal light according to an output 
signal from the spectrum analyzer 64. A detected value 
of the number of channels from the monitor circuit 66 is 
supplied to a computing circuit 68. The computing cir- 
cuit 68 multiplies a reference voltage Vr^f per channel in 
ALC by the number of channels detected above to 
obtain a voltage value, and supplies the voltage value to 
an ALC circuit 70. The ALC circuit 70 controls the atten- 
uation of the variable optical attenuator 28 so that a volt- 
age level proportional to the total optical input level or 
the total optical output level provided as the internal 
information in the optical amplifying unit 30 becomes 
the voltage value obtained by the computing circuit 68. 
The total optical input level and the total optical output 
level in the optical amplifying unit 30 may be obtained 
according to the output signals from the photodetectors 
38 and 44 shown in FIG. 7. 

[0M9] In particular, this preferred embodiment 
employs a switch 72 and a lock circuit 74 to operate the 
feedback loop for ALC at starting the optical amplifier 
and stop the operation of the feedback loop in other 
operational conditions of the optical amplifier. More spe- 
cifically, at initial starting (cold starting) of the optical 
amplifier or at restarting of the optical amplifier in rela- 
tion to recovery from power down, recovery from break 
of optical input in all the channels, or change of a trans- 
mission line route, the switch 72 operates the ALC cir- 
cuit 70 to control the attenuation of the variable optical 
attenuator 28. In other operational conditions of the opti- 
cal amplifier, the switch 72 changes from the ALC circuit 
70 to the lock circuit 74 to lock a target value of the 
attenuation of the variable optical attenuator 28 in a pre- 
vious cycle of ALC. The reason for such locking is that 
there is no possibility of fluctuations in transmission line 
loss during normal operation of the system, so attenua- 
tion control need not always be carried out during the 
normal operation. 

[0050] FIG. 15 is a block diagram showing a seventh 
preferred embodiment of the optical amplifier according 
to the present invention. In this preferred embodiment, 



the detected value of the number of channels of the 
WDM signal light from the monitor circuit 66 and the 
voltage value proportional to the total optical input level 
or the total optical output level in the optical amplifying 

5 unit 30 are supplied to a computing circuit 68'. The com- 
puting circuit 68' divides the supplied voltage value by 
the detected value of the number of channels to obtain 
an average voltage value, and supplies the average 
voltage value to an ALC circuit 70'. The ALC circuit 70' 

/o controls the attenuation of the variable optical attenua- 
tor 28 so that the supplied average voltage value 
becomes equal to a reference voltage value Vrgf per 
channel. The reference voltage value Vref may be set as 
a fixed value at starting the system. 

15 [0051 ] Also according to this preferred embodiment, 
the optical output level in each channel of the WDM sig- 
nal light can be maintained constant like the sixth pre- 
ferred embodiment shown in FIG. 14. 
[0052] While both the WDM signal light to be amplified 

20 and the pump light propagate in the same direction in 
the EDF 36 to effect forward pumping in each of the 
above preferred embodiments, the propagation direc- 
tions of the WDM signal light and the pump light in the 
EDF 36 may be made opposite to each other by provid- 
es ing the WDM coupler 34 shown in FIG. 7 downstream of 
the EDF 36 in terms of the propagation direction of the 
WDM signal light, thereby effecting backward pumping. 
Alternatively bidirectional pumping may be effected by 
using two pumping sources. 

30 [0053] While the EDF 36 is used as an optical ampli- 
fying medium in each of the above preferred embodi- 
ments, a doped fiber doped with any one or more of the 
other rare earth elements such as Nd and Yb may be 
used as the optical amplifying medium. 

35 [0054] Further, two or more of all the preferred embod- 
iments mentioned above may be combined to carry out 
the present Invention. 

[0055] In addition, application of the optical amplifier 
according to the present invention is not limited to the 
40 system as shown in FIG. 1 . For example, the optical 
amplifier according to the present Invention is applicable 
also to a network system including three or more termi- 
nal stations connected through optical fibers by use of 
an optical add/drop circuit. 
45 [0056] As described above, according to the present 
invention, it is possible to provide an optical amplifier 
and a system including the optical amplifier which can 
maintain constant the optical output level in each chan- 
nel of WDM signal light and can maintain the gain char- 
so acteristic constant. 

[0057] The present invention is not limited to the 
details of the above described preferred embodiments. 
The scope of the invention is defined by the appended 
claims and all changes and modifications as fall within 
55 the equivalence of the scope of the claims are therefore 
to be embraced by the invention. 
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Claims 

1 . An optical amplifier comprising: 

an optical amplifying medium to which WDM 
(wavelength division multiplexed) signal light 
obtained by wavielength division multiplexing a 
plurality of optical signals having different 
wavelengths is supplied; 
means for pumping said optical amplifying 
medium so that said optical amplifying medium 
gives a gain to said WDM signal light: 
means for controlling said pumping means 
according to an input level and an output level 
of said optical amplifying medium so that said 
gain is maintained constant; and 
an optical attenuator operatively connected to 
said optical amplifying medium for giving a var- 
iable attenuation to said WDM signal light. 

2. An optical amplifier according to claim 1 , wherein: 

said optical amplifying medium has a first end 
and a second end; 

said WDM signal light is supplied to said first 
end; and 

said optical attenuator has an output port oper- 
atively connected to said first end. 

3. An optical amplifier according to claim 1 , wherein: 

said optical amplifying medium has a first end 
and a second end; 

said WDM signal light is supplied to said first 
end; and 

said optical attenuator has an input port opera- 
tively connected to said second end. 

4. An optical amplifier according to claim 3. further 
comprising an optical amplifying unit operatively 
connected to an output port of said optical attenua- 
tor, said optical amplifying unit having a constant 
gain. 

5. An optical amplifier according to claim 1. further 
comprising a feedback loop for controlling the atten- 
uation of said optical attenuator so that the level of 
each of said plurality of optical signals is maintained 
constant. 

6. An optical amplifier according to claim 5, wherein 
said feedback loop includes first means for detect- 
ing at least one of said input level and said output 
level of said optical amplifying medium and second 
means for detecting the number of said plurality of 
optical signals, the attenuation of said optical atten- 
uator being controlled according to detected values 
output from said first and second detecting means. 



7. An optical amplifier according to claim 5. further 
comprising means for operating said feedback loop 
at starting said optical amplifier and stopping oper- 
ation of said feedback loop in other operational con- 

5 ditions of said optical amplifier. 

8. An optical amplifier according to claim 1 . wherein: 

said optical amplifying medium comprises a 
10 doped fiber doped with a rare earth element. 

said doped fiber having a first end and a sec- 
ond end; 

said pumping means includes a pumping 
source for supplying pump light to said doped 
15 fiber from at least one of said first end and said 

second end; and 

said controlling means controls the power of 
said pump light. 

20 9. An optical amplifier according to claim 8. wherein a 
target value of the power of said pump light is set so 
that a wavelength characteristic of said gain 
becomes flat. 

25 10. An optical communication system comprising: 

an optical fiber transmission line for propagat- 
ing WDM (wavelength division multiplexed) sig- 
nal light obtained by wavelength division 

30 multiplexing a plurality of optical signals having 

different wavelengths; and 
at least one optical amplifier provided in said 
optical fiber transmission line; 
said optical amplifier comprising: 

35 an optical amplifying medium to which said 

WDM signal light is supplied; 
means for pumping said optical amplifying 
medium so that said optical amplifying medium 
gives a gain to said WDM signal light; 

40 means for controlling said pumping means 

according to an input level and an output level 
of said optical amplifying medium so that said 
gain is maintained constant; and 
an optical attenuator operatively connected to 

45 said optical amplifying medium for giving a var- 

iable attenuation to said WDM signal light. 

11. An optical communication system according to 
claim 10, further comprising: 

50 

a first terminal station apparatus supplying said 
WDM signal light to said optical fiber transmis- 
sion line at one end of said optical fiber trans- 
mission line; and 
55 a second terminal station apparatus for receiv- 

ing said WDM signal light from said optical fiber 
transmission line at the other end of said opti- 
cal fiber transmission line. 
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12. An optical communication system according to 
claim 1 1 , wherein; 

said first terminal station apparatus includes 
means for outputting a supervisory signal 5 
including data on the number of said plurality of 
optical signals; and 

said optical amplifier further comprises means 
for receiving said supervisory signal. 

10 

13. An optical communication system according to 
claim 10, wherein: 

said optical amplifying medium has a first end 
and a second end; is 
said WDM signal light is supplied to said first 
end; and 

said optical attenuator has an output port oper- 
atively connected to said first end. 

20 

14. An optical communication system according to 
claim 10, wherein: 

said optical amplifying medium has a first end 
and a second end; 25 
said WDM signal light is supplied to said first 
end; and 

said optical attenuator has an input port opera- 
tively connected to said second end. 

30 

15. An optical communication system according to 
claim 14, wherein said optical amplifier further com- 
prises an optical amplifying unit operatively con- 
nected to an output port of said optical attenuator 
said optical amplifying unit having a constant gain. 35 

16. An optical communication system according to 
claim 10, wherein said optical amplifier further com- 
prises a feedback loop for controlling the attenua- 
tion of said optical attenuator so that the level of 40 
each of said plurality of optical signals is maintained 
constant. 

17. An optical communication system according to 
claim 16. wherein said feedback loop includes first 45 
means for detecting at least one of said input level 
and said output level of said optical amplifying 
medium and second means for detecting the 
number of said plurality of optical signals, the atten- 
uation of said optical attenuator being controlled so 
according to detected values output from said first 
and second detecting means. 

18. An optical communication system according to 
claim 1 6, wherein said optical amplifier further com- 55 
prises means for operating said feedback loop at 
starting said optical amplifier and stopping opera- 
tion of said feedback loop in other operational con- 



ditions of said optical amplifier. 

19. An optical communication system according to 
claim 10. wherein: 

said optical amplifying medium comprises a 
doped fiber doped with a rare earth element, 
said doped fiber having a first end and a sec- 
ond end; 

said pumping means includes a pumping 
source for supplying pump light to said doped 
fiber from at least one of said first end and said 
second end; and 

said controlling means controls the power of 
said pump light. 

20. An optical communication system according to 
claim 1 9. wherein a target value of the power of said 
pump light is set so that a wavelength characteristic 
of said gain becomes flat. 
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